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The central question that this thesis project addresses is the pH-dependent solution-to-membrane conformational change of Bcl-XLTM in vitro.  Evidence exists for both solution and membrane-inserted conformations playing important roles in mediating the pro-survival activity of Bcl-XL, a Bcl-2 family protein.  Our hypotheses were that acidic pH conditions mediate the solution-to-membrane conformational change (i) by destabilizing the soluble conformation and form a “molten-globule” intermediate that favorably inserts into membranes and/or (ii) by favoring the oligomerization of the solution conformation resulting in the insertion of Bcl-XL into the membrane and/or (iii) by altering the electrostatic surface of the profile and enhancing an electrostatic attraction between the protein and the surface of the membrane.  
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Cell death – a genetically programmed pathway – why, when and how?
Albert Einstein believed that the universe could be explained in simple elegant terms.  His theories which have been revolutionary and have propelled the progress of modern scientific thought resulted from his belief that the universe in itself is beautiful, elegant and simple.  Life, in the biological realm, is also beautifully constructed at the morphological level.  One often marvels at the diversity in morphology of life that we see around us, from the icosahedral viral morphology (whether viruses qualify as life still remains controversial) to the spiral morphology of the bacterial pathogen, T. pallidum, to more complicated forms of life, the five pointed star fish, plants and the human body.  Even at the molecular level, despite the chaotic sense that is portrayed, there is an underlying harmony that is carefully built and controlled.  The elucidation of how this organized form was built, block by block over the very long time scale of evolution of life would be a fantastic journey to undertake.  Somewhere along this journey, we come across the very significant (at least to us humans) step of the origins of multicellularity.  For the world of single celled organisms, multicellularity was a very significant step, progressing towards existence as a community rather than as an individual, to an extent that any individuality is overwhelmed in the overbearing importance of the community.  
Why did multicellularity evolve?  Simply put, what was so unique about multicellular organisms and what kind of advantage did they provide over single celled versions in certain niches (single celled organisms still dominate most of the planet at least in numbers) that they came to stay?  One possible answer would be that there was an advantage for the synergy between the individuals each of which had a specialized function they were tailored for.  The assembly line of individual cells and tissues which kept the entire organism alive was simply designed well enough to function in a very streamlined way and any of the broken down versions were quickly removed from the population and the best designs were selected for.  Also with multicellularity came the problem of what happens to a runaway rogue cell in the whole organism.  
In an organism like ours built from 10-100 trillion cells, the probability of some cells turning over to the “dark side” is very possible and an elimination of these organisms as a whole from the population would be an inefficient way of coping with the event.  However, a mechanism that would coax the “bad” cells to commit suicide would prove beneficial for the population.  Evolutionarily, the design of these “bad” cells committing suicide was pretty successful that it has been coded in almost all metazoans as a genetic program that could control cell survival.  Although, a genetically programmed cell death pathway can be reasoned as resulting from multicellularity, whether such a process is fundamentally limited to only a multicellular organism or is present in some unicellular species as a means to control a community of individual cells is still under debate.  The attempts to reveal relics of a programmed cell death pathway in the unicellular eukaryote, S. cerevisiae have proved to be unsuccessful though its presence still remains controversial.  However, programmed cell death has been described in unicellular organisms like the kinetoplastid parasites Trypanosoma cruzi and the free living slime mold Dictyostelium discoideum that arose between 1 and 2 billion years ago and much before the evolution of the yeasts.  Moving beyond the evolutionary standpoint, the organization of a genetically controlled programmed cell death pathway would be a fascinating work of art in itself.  

How would one go about building a genetically controlled pathway for cell death?
Integrating the cell death pathway to cellular processes that could sense stress or damage would be a good way to design it.  In fact, stress signals like DNA damage, oxidative species and specific death ligands, nutrient deprivation, addition of cell damaging drugs etc. all seem to cause an induction of cell death.  In a setup where the cell death pathway is integrated into the network of cellular homeostasis pathways, a perturbation in homeostasis could be sensed by the cell death pathway and a response could be made to maintain the healthy state of the organism as a whole.  This gives rise to the hypothesis that some if not all of the proteins involved in the regulation of cell death have functions other than in cell death.  It has been observed that a key regulatory step in promoting cell death in mammals is the release of cytochrome c into the cytosol.  However, cytochrome c is known to be essential for carrying out oxidative phosphorylation.  Cytochrome c is an integral part of the electron transport chain that eventually helps create the proton gradient and thereby drives ATP production not only to maintain cellular homeostasis but also to drive growth and cell division.  Linking the energy generation processes at the mitochondria with programmed cell death, one could think of cell death as a process that regulates cellular homeostasis.  
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